Objective: To study the effects of TiO 2 nanoparticles in mice and explore the biological safety of TiO 2 nanoparticles. Methods: The biological safety of TiO 2 nanoparticles based on the oxidative stress pathway is investigated. One hundred mice were randomly divided into 10 groups. A low medium and high concentration experimental group and negative and positive control groups were investigated for both the intravenous injection and tracheal injection exposure experiments. Mice were observed for any symptoms, and the serum and lung homogenate for activity of SOD and content of MDA in serum and lung tissue were prepared. The scores of the allergic reaction determined the degree of anti-oxidation and the comprehensive experimental data determined the degree of injury in the mice. Results: An increase of TiO 2 concentration in the nanomaterials led to a decrease of the content of MDA in serum and lung tissue of mice and the activity of SOD increased, indicating that mice showed oxidative stress in vivo. Conclusion: The strong direct exposure to a high concentration of TiO 2 nanoparticles was harmful to the organism. 
INTRODUCTION
The superior properties of nanomaterials have enabled nanotechnology to rapidly become a frontier field in science and technology. Among these materials, titanium dioxide (TiO 2 ) is a material with great practical prospects, and it has been widely used in industry, agriculture, and other fields [1] [2] [3] . The long-term exposure of humans to nanoscale materials in the workplace has increased the probability of its entry into the body [4] [5] .
Although the research on the safety of titanium dioxide is continuously increasing, the depth and comprehensiveness of this knowledge still need to be improved.
In this study, tail vein and tracheal exposure to various doses of TiO2 nanoparticles were administered to mice.
The biosafety of nanoparticle titania, based on the oxidative stress pathway, was determined by observing the allergic reaction in mice and detecting the contents of MDA and SOD in the blood and lung tissues after administration of the TiO 2 nanoparticles.
EXPERIMENTAL MATERIALS AND

METHODS
Experimental animals
Mice, KM species, male, weighing 20 ± 2 g.
Experimental materials
Samples were prepared by mixing 11.5 mg, 5.0 mg and 0.9 mg of titanium oxide nanopowder (20 nm, purchased from EVONIK) with 115 mL, 100 mL and 90 mL of distilled water, respectively. Then, ultrasonication of the samples for one hour resulted in 0.1 mg/mL, 0.05 mg/mL and 0.01 mg/mL titanium dioxide mixed solutions for the tail vein (Group 1 to Group 3).
Tween-80 (0.5 mL) was mixed with distilled water (50 mL) to result in a 1% Tween-80 as the fourth group for the positive control group, and the fifth group was the negative control group with distilled water. Titanium dioxide samples of 0.2 mg/kg, 1 mg/kg, and 2 mg/kg were used in the tracheal tube for exposure to the trachea (group 7 to group 9). The test was carried out by using 50 mg, 25 mg and 5 mg of titanium dioxide powder, respectively, and 50 mL of distilled water. Tween-80 (0.5 mL) was mixed with distilled water (50 mL) to make 1% 
Experimental Method
Groups of animals
The mice were divided into 10 groups, with each group including 10 mice.
Tail vein exposure: In the first, second and the third experimental groups, the dose was respectively 0.1 mg/mL, 0.05 mg/mL and 0.01 mg/mL. The fourth group was the positive control group, and the fifth group was the negative control group.
Tracheal exposure: the sixth group was the negative control group. The seventh, eighth and ninth experimental groups had the respective doses of 0.2 mg/kg, 1 mg/kg and 2 mg/kg. The tenth group was the positive control group. 
Preparation of experimental drugs
Administration
Intravenous injection into the mice tail was performed
with an injection dose of 0.1 mL/10 g. The first, second and third groups were respectively injected with 0.1 mg/mL, 0.05 mg/mL, 0.01 mg/mL of the titanium dioxide solution, the fourth group was injected with 1%
Tween-80, and the fifth group was injected with distilled water.
2. Mice were anaesthetized with 1% sodium pentobarbital with a dose of 1 g/mL. After anaesthesia, the trachea was injected with the drug with a dose of 1 µL/g. The seventh, eighth and ninth groups were respectively injected with 0.2 mg/kg, 1 mg/kg, 2 mg/kg of titanium dioxide solution, the twelfth group was injected with 2% Tween-80. The wound was sutured after administration.
Detection of allergic reactions:
The response of the selected experimental group within half-an-hour of administration was scored according to the allergic response score, as shown in Table 1 , and the allergic response grade was determined, as shown in Table 2 .
Blood biochemical tests:
After 24 hours from administration, 1% sodium pentobarbital was injected into the abdominal cavity with a dose of 0.8 mL/g. Blood was collected from the eyeballs of the mice after anaesthesia, and then centrifuged at 3000 rpm for 15 minutes. The supernatant was extracted, and the contents of SOD and MDA in the serum were determined in strict accordance with the kit instructions.
Detection of lung biochemical tests:
The lung tissue homogenate was prepared after blood sampling. The mouse chest was opened and lung tissue was removed and blot dried after rinsing the remaining blood with ice saline. The ice saline was used to prepare a 10% mixture. The tissue homogenate was mixed using an electric homogenizer and centrifuged to obtain the supernatant, and the contents of SOD and MDA in serum were determined in strict accordance with the kit instructions.
Determination of the protein concentration in lung tissue sample was performed by taking the configured lung tissue homogenate. First, three different dilution pre-experiments were carried out according to the BCA protein concentration determination kit instructions.
Then, selection of the correlation and absorbance of the most appropriate dilution factor for the formal experiment to determine the protein concentration of each lung tissue samples was performed.
Statistical method:
Li et al The results were expressed as mean ± standard deviation (± S). SPSS 19.0 software was used to analyse the differences among the groups. Statistical analysis was performed by the t-test, and the difference was statistically significant as P <0.05. 
EXPERIMENTAL RESULTS
Allergy test results
Allergic sensitivities of the first group to the fifth group were determined according to the degree of hypersensitivity: strong positive (+++), positive (++), weak positive (+) and negative (-) statistics. The results are shown in Table 3 . The first, second and fourth groups showed a 100% positive rate, the third group showed a 70% positive rate, and the fifth group showed a 20% positive rate. Table   4 .
MDA content in tissues = (OD value − OD value) ÷
(OD value − OD value) × Concentration of standard sample ÷ Sample protein concentration. To summarise the data analysis and results for the oxidative damage induced by TiO 2 in mice, the SOD activity of serum in the first, second and third groups were significantly different from those in the fourth group (positive control group) and the fifth group (negative control group), P <0.05.
Experimental oxidative stress levelling
In addition, for the tracheal exposure test, the activity of SOD decreased, MDA content increased, and the oxidative stress of the body was increased. According to the single factor variance analysis (P <0.05), the serum SOD activity of the sixth (negative control group) and the tenth groups (positive control group) and those of the seventh, eighth and ninth groups were significantly difference.
Based on the above data, it was found that the presence of titanium dioxide had a certain effect on the free radical scavenging and detoxification of lung tissue, and the oxidative and antioxidant levels of the organism were stimulated by medium and high concentration exposure with a greater degree of damage to the body in the oxidative stress state (P <0.05). The SOD activity in the lung tissue of the seventh, eighth and ninth groups was significantly higher than that in the negative control group (sixth group) and positive control group (tenth group) from the single factor analysis of variance difference.
In addition, the data analysis in the case of titanium dioxide poisoning showed the lung tissue cells by free radical attack for the ninth group significantly enhanced the body lipid peroxidation rate and intensity (P <0.05).
The content of MDA in the lung tissue of the seventh, eighth and ninth groups were compared with the sixth group (negative control group) and the tenth group (positive control group) and showed a significant difference.
DISCUSSION
Nanotechnology is one of the three main pillars of [8] . Compared with ZnO nanoparticles, rod-like ZnO NPs are more likely to result in toxic effects [9] . [10] . Therefore, it is very important to study the safety of nanomaterials and establish a safety detection system for nanomaterials.
Currently, studies on the biosafety of TiO 2 The study for the establishment of a nanomaterial safety system is of great significance. We have chosen a method which has a wide range of applications to titanium dioxide nanomaterials for research to obtain a safety system for nanomaterials. In a series of experiments, it was concluded that the higher the dose of nanomaterial titania from a direct exposure route would result in a more serious toxicity to the organism, thus laying a solid foundation for the future exploration of the safety system of TiO 2 nanomaterials. However, in this experiment, a threshold of toxic concentration of TiO 2 nanomaterials was not obtained, and it is expected that this will be determined from future experiments, enriching the relevant conclusions of the establishment of the safety system of TiO 2 nanomaterials.
CONCLUSION
Higher doses of a nano-titanium dioxide aqueous solution will cause more serious oxidative damage in mice, resulting in a more severe oxidative stress response, indicating that direct exposure to higher doses of nano-titanium dioxide produces a greater toxicity.
